If compartmentation is understood as the structural organization of cells, which in consequences permits the spatial separation of temporal events such as metabolic chain reactions and/or their single steps, then the nuclear envelope is indeed no prominent representative of strictly efficient separation phenomena as indicated in the title of this paper. Yet various experimental designs, requiring careful individual scrutiny for the admissibility of the methods used, yield data suggestive of compartmentation phenomena at the site of the cell nucleus.
In the case of DNA, deoxyribonucleoside triphosphates are formed at cytoplasmic sites, enter the nucleus and are then polymerized into DNA molecules, which, as far as the available evidence suggests, remain confined within the nucleus for their whole lifespan as macromolecules. In contrast, histones are products of cytoplasmic ribosomal synthesis and permeate the nuclear envelope in order to engage with DNA in the formation of deoxyribonucleoproteins.
A final example is represented by NAD, whose precursors nicotinamide (nicotinic acid) mononucleotide and ATP, migrate into the nucleus, where eventually NAD is formed through the action of NAD pyrophosphorylase immobilized firmly on to nuclear structures. Although a certain proportion of NAD is retained in the nucleus, for the purpose both of acting as a coenzyme with dehydrogenases and of being transformed into ADP-ribose mono-and poly-mers for attachment to nuclear proteins (Dietrich & Vol. 6 Siebert, 1973) , the majority of freshly synthesized N A D as well as inorganic pyrophosphate (or orthophosphate) is found back in the cytosol where N A D serves as coenzyme or as substrate for N A D kinase respectively. Cytoplasmically formed N A D P then re-enters, in small proportions, the nucleus (G. Siebert, unpublished work) . The extent to which mitochondria1 N A D is supplied by nuclear synthesis of this coenzyme, is not wholly known.
Studies of distribution and concentration of biotnolecules at intranriclear and extranuclear cell sites
Under steady-state conditions, as well as after experimental perturbation, components of cells have been studied in regard to their intranuclear location. Normally metabolizing cells may be perturbed, e.g. by metabolic loads, by administration of inhibitors, or by such means as partial hepatectomy, and are then analysed for appropriate cell constituents which may be macromolecular, of low molecular weight, or even of inorganic character. I t is self-evident that in such studies utmost care must be taken to ensure that no single step of the experimental procedure would give rise to any redistribution phenomena between the nucleus and the rest of the cell. For these reasons most of the so-called intracellular-distribution studies performed, e.g. in sucrose solutions as suspension media, d o not meet the neccessary requirements and cannot be considered as valid data as far as the nucleus is concerned.
Experimental results with rat liver demonstrate (Siebert, 1972 ) that a great number of soluble enzymes, believed to belong t o the cytosol, always is found also in the nucleus, in almost all cases with identical activities. As far as 1 am aware, no exception has been observed. This pattern also holds when resting and regenerating liver are compared, as well as when non-dividing tissues like bovine brain are investigated. Even established highly labile proteins like the ribonuclease inhibitor of rat liver cytosol are of true intranuclear occurrence (Giannitsis et al., 1967) . Identical data are obtained for low-molecular substances, e.g. metabolite patterns of the glycolytic pathway, or the large family of acid-soluble nucleotides (Siebert & Humphrey, 1965) . However, ion distributions across the nuclear envelope are found to represent a different type in that there are high concentrations of Na+ and CI-in the nucleus and relatively low concentrations in the cytoplasm, whereas surprisingly enough K+ is also moderately more concentrated in thenucleus (Langendorfetal., 1961 ; Siebert etal., 1965 Siebert etal., /1966 . Mechanismsand relevance will be discussed below.
Permeation of the nuclear envelope in whole cells and isolated nuclei
On isolation of nuclei, regardless of type of tissue or single cell, the natural coherence between nucleus and cytoplasm as evidenced by the continuity between the outer layer of the nuclear envelope and the network of the endoplasmic reticulum is broken. Since fragmentation close t o the nuclear circumference is an unavoidable prerequisite for obtaining nuclei the question may be raised as to whether a study of the penetrability of the nuclear envelope should be done at all on isolated nuclei. More specifically, even when almost all transport of substances should occur at the pore complexes of the nuclear envelope, one wonders if fragmentation at non-pore regions of the envelope would not cause a functional impairment also a t pore sites. Conversely, the eventual role of such coherences between nucleus and endoplasmic reticulum, with finite dimensions of Iacunar stretches, in effective intracellular compartmentation is completely unknown.
In consequence, the use of isolated nuclei for functional studies of the nuclear envelope cannot be recommended generally. On the other hand, however, the well-known data of Feldherr (1965) as to the effective diameter of pore complexes [close to lOnm (l00A)J seem t o constitute hard data and give a reasonable indication of upper limits for inbound penetration (Goldstein & Prescott, 1968) . In the other direction (Paine et al., 1975) , approximate values may be derived for pore complexes when the passage of ribonucleoprotein particles (s values of 40-50s may be assumed) towards the cytoplasm is taken into account. In more general terms, pore complexes of the nuclear envelope add definitely t o the perviousness of this structure; with the knowledge of upper size limits of penetrable molecules in both directions, n o serious reasons can be envisaged why and how smaller molecules should be prevented from using the same path for entering or leaving the nucleus.
Direct observations on live cultured cells
With rather sophisticated equipment, cell regions of very few microns in diameter may be studied for the appearance and decay of fluorescent molecules like NAD(P)H (Kohen et at., 1971) . The spatial resolution of 2-3 pm, as well as the temporal resolution near 20 ms, permit the recording of NAD(P) reduction on sudden application of proper substrates by iontophoresis, at nuclear or cytoplasmic observation sites, and in addition, after intranuclear or intracytoplasmic administration of substrate. In this way, kinetic parameters of NAD(P)H fluorescence have been measured within the nucleus, within the cytoplasm, as well as with cytoplasmic substrate application at a nuclear observation site, and vice versa. When glucose 6-phosphate was used as substrate, well known to be almost not permeant at the plasma or mitochondria1 membranes, the delay caused by the nuclear envelope was found to be about 30ms, i.e. about I % of the time required for penetrating established cellular bilayer-membranes. Since reduced pyridine nucleotides themselves spread also throughout the cell, including the nucleus, unhampered transport through the nuclear envelope has thus been shown to exist even for highly charged anionic substances,
Incorporation of precursors
A limited number of studies have been made where specific radioactivities of cytoplasmic nucleoside triphosphates and of nucleotides from freshly synthesized R N A were compared. It should be stressed that n o data on precursors like uridine or orotate are fully reliable, and that I am not aware of any attempt to determine specific radioactivities of nucleoside triphosphates themselves inside the nucleus. Although eventually the suggestion was put forward of differences in specific radioactivities of precursor and product, my own data on concentration ratios in cytoplasm and nuclei (close to I .OO), especially, however, data on nucleo-cytoplasmic ratios after perturbations of adenine nucleotides and N A D (very close to 1.00) (G. Siebert, unpublished work) apparently indicate full equilibration of cytoplasmic and nuclear precursor pools.
Intranuclear compartmentation
Some years ago, attempts were made to define different metabolic spaces within the nucleus (Siebert, 1968) . Those older ideas are still valid as far as the relation between cytosol and nucleus is concerned (see below). With the detection of cation-binding systems in nuclei (Besenfelder & Siebert, 1979 , justification for a separate 'sodium space' is fading. For reasons of lack of proper methodology, it remains completely unknown if the interspace between the two sheets of the nuclear envelope represents a compartment or sub-compartment of its own.
However, the chromatin phase of the nucleus with a great number of enzymic activities which are rather firmly bound (Siebert & Humphrey, 1965) , should be regarded as a nuclear sub-compartment in that (i) many metabolic processes are exempt from simple diffusion control, and (ii) metabolic control of the cell's performance is in many instances mediated through specific actions of chromatin and its constituents, e.g. in hormonal response or in RNA production. Yet there is an observation that never has been investigated in great detail : certain enzymic activities, e.g. several nucleases, ribonuclease inhibitor, RNA methylases, histone kinases and phosphatases , are found both in an easily extractable form (e.g. by 0.14~-NaCl) and in a rather strictly insoluble form, i.e. firmly bound on to chromatin. Although the same basic process is catalysed by each soluble and insoluble form there may exist subtle differences in kinetic Vol. 6 and/or allosteric behaviour (G. Siebert, unpublished work) . Whether this reflects the existence of 'nuclear isoenzymes' or merely some unknown distribution phenomenon remains t o be elucidated.
In regard t o solute distribution, the nucleolus also poses some questions. Although there are n o differences in the activities of glycolytic enzymes between cytoplasm and nuclei, nucleoli prepared by the non-aqueous procedure contain only small activities of such enzymes (Shakoori et a/., 1972) . A possible explanation could be that in the nucleus soluble enzymes exist in a somehow organized or ordered array, which can be easily broken by mild extraction procedures yet which prevents such enzymes from 'soaking' the nucleolar part of the nucleus. It will require refined techniques for nuclear sub-fractionation before a n answer can be expected t o this question.
In the light of the advantages of non-aqueous solvents as suspension media for nuclear isolations, mention should be made of glycerol as a non-aqueous solvent (Kirsch et a/., 1970); its usefulness for the isolation of nuclei is severely limited by the facts that (i) a number of inorganic salts dissolve quite readily in glycerol, and (ii) the high avidity t o take up water leads within short periods t o water concentrations that suffice t o allow enzymic hydrolyses t o proceed. Several proteins as well as 5'-AMP are also dissolved by glycerol. Accordingly, data obtained with glycerol-isolated nuclei can be quite misleading.
Mechanisms of compartmentation at the nuclear envelope
Compartmentation is effected, as mentioned above, e.g. by the effective pore diameters a t the nuclear envelope, thus allowing all molecules and particles smaller than lOnm (loo& t o pass through. Only in a special case has unequivocal evidence ofenergy dependence of transport processes has been found; this is in regard to the export of RNA, probably as ribonucleoprotein, from the nucleus; details of the ATP (Schumm & Webb, 1975; Sauermann, 1976) requirement are still unknown, but the possibility of some kind of processing or trimming at the nuclear pore has to be considered. No other transport, e.g. of amino acids, monosaccharides or inorganic cations, has been found to depend on ATP. It therefore seems as if it is essentially diffusion which controls solute distribution across the nuclear envelope. Steep concentration gradients (Siebert & Langendorf, 1970) , as in the case of sodium, are very probably brought about by ion-binding systems, whose existence in nuclei has been demonstrated; accordingly, such a mechanism would also explain why sodium, once within the nucleus, does not flow back into the cytoplasm.
Conclusions
As has been demonstrated in many instances, there are no severe concentration gradients between cytosol and nucleus. In consequence, one has to assume that the socalled soluble space of the cell comprises the cytosol as well as the karyosol ('nuclear sap' in older literature); whatever is really known for the cytosol should then also apply t o the nucleus, e.g. in terms of precursor pools and energy charge, which are regarded as fundamental data for biosynthetic activities so prominent in the nucleus. In addition, whatever metabolic control may have been determined in the cytosol should also prevail in the nucleus. For reasons of methodology one may even argue that non-aqueous isolation of nuclei presents the most reliable procedure to obtain 'native' cytosol (Siebert et a/.,  1974) . The functional task of the nuclear envelope, a characteristic of eukaryotic cells, apparently cannot consist of being a barrier for the exchange of materials, but may rather lie in highly specific functions such as control of migration of products of transcription into cytoplasmic target areas.
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